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(54) Method and device for driving a display panel 



(57) A method and device for driving a display panel 
are provided in which power consumption due to intere- 
lectrode capacitance in the addressing period is re- 
duced with less number of components in a driving cir- 
cuit. Four switches 41 -44 are provided for each of plural 
data electrodes. The four switches 41 -44 control open 



and close of a current path p1 from a bias potential line 
81 to the data electrode A, a current path p2 from a ca- 
pacitor 55 to the data electrode A, a current path p3 from 
the data electrode A to the capacitor 55, and a current 
path p4 from the data electrode A to the ground potential 
line 82. 
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f2lL T he H preSent ,nven,ion relates to a method and 
a device for dnvmg a display panel such as a plasma 
display pane, (POP), a plasma addresse£j Uq J™™ 

2^<KT crys,al display (LCD) or a fie,d * 

fh^ 1 ""!! diSP ' ay Panel is wide,v use d as a device 
that can substitute for a CRT in various fields ForTx 
ample a POP is avai,ab,e in the market as a flat type 
television set having a wide screen above 40 inches 

Soh e 1 ; he t challen9es ,or making ,he wide 

trod^ '° n 13 '° C ° ntr01 capacitan <* "etween elec- 
[0003] The display panel has an electrode matrix in- 

t^ei 9 ,r n , e,ec,rodes for row se,ection — srss- 

trades or column selection. On each cross point of the 
scan electrodes and the data electrodes, a single dis 
Play portion having a display element is disposed The 

2? An tcZt°l f. T ^ 3 PALC is a **! J"9 
cell. An LCD has a liquid crystal cell as the display ele 

i„Tr !". rf u M diSChar9e ,ype PDP tna ' * available 
in the market has two electrodes for each row. However 

Ther^r ,k * T e,ecIrode sisusedforrow -lection 
Therefore, the electrode arrangement of the surface dis 

Zent m Vi8WPOint ° f Setec,in 9 ,he 

EX*! Contents °< '"a display is decided by the se- 
lectee addressing (i.e.. addressing of row). An address- 
es o^f °"T m « ' S d,Vidad int ° row se, ^n Pa- 
nods of the number same as the number of rows of the 

screen. Each scan electrode is biased to aTedeter 

Tto be?,"" 9 ' I" ° f ' he r ° W Selec,ion -S3 so 
as to be active. In synchronization with this row se.ec- 

« ol T? L da,a <0r the fOW iS OUt P ut <™ all data elec- 
conirnn h ^ r"*- POten,ia,s of da,a ele^es are 
r'n" tane ° US,y i0 acc °rdance witt, the dis 
Play data The most typical method for controlling the 
potentate of the data electrodes is to dispose a switch 
mg device between each output terminal of plural p'wer 
sources having different potentials and the data elec- 
trode, and to control the switching device by a puTse sig- 

nalsynchronizingwiththerowselectionsoastoconnect 
or d sconnect the output terminal of the power source 
and the data electrode. source 
[0005] A driving method in which the addressing and 
sustaining required for an AC type PDP are separated 
on the t.me axis ,s widely used for the AC type PDP The 
addressmg is performed for forming charge distribution 
correspondmg to the display data, and then discharge 
-n gas , s generated utilizing wall electric charge by the 
number of times corresponding to intensity In the sus 
taming p eriod , a voltage pulse is applied to a pair of two 

ttenle T?T* S ° *« lhe r8la,ive p ™ " 
ween the electrodes changes periodically. Along with 

this change of the relative potential, a capacitate be 



tween the electrodes (hereinafter, referred to as an in- 

trade capacitance are waste of electric power that can- 
^w°T nbU,e t0 li9W emisSion - ln ° rd ^ »° reduce The 

cTuZ ac ^ 3 POW6r ci ™« 

mini? PaC " 0r 8nd an inductor h aving predeter- 
mined capacitance and inductance. The charge of the 
ntere ectrode capacitance is discharged into the caplc 

Z!Z o 9 ' T d ° har9e ° f ,he ca P ac «°' is re- 
trieved to charge the interelectrode capacitance for re- 

form f interelectrode capacitance so as to 

5 the C h«°n ianC !, CirCUi,thatSpeeds "P ^a movement 
ratS oft 9 h and 8nlar9eS an ampli,ude and a reuse 

000* ,n ° 3 P ° Wer reCyC,in9 ra,i °)- 

™Z* ( ln ' neabove -mentioned sustaining period a 

IZI P 1 °' V ° ,tage pU ' Se iS ap P ,ied '° »a Plural 
zo 2r W ° h ° Ut d8pendin9 on the dis P'ay data 
JonllT f^^^^'^circuitisnecessary 
for the electrodes. However, in the case of addressino 
the potential of each data e.ectrode depends onThe dls' 
Play data, and the relative potential between °he neigh- 
boring data electrodes is no, constant. There oreTn or- 
t redUCe ' he P ° Wer c ° n sump t ion due to the mtere- 
ectrode capacitance in the addressing, each Sa^S- 

pacrtorand the inductor having a sufficient capacrtaTe 

the driving dev.ce becomes large size, and the number 

laroT^n a d ji« ^ manUfaC,Urin 9 b ^°-as a 

large. In addifion. ,n order to avoid floating of a logic cir- 

be weenTf ^ SW ' ,Chin9 Si9na,S ' iso,a ' °" is £Z 

uSr 9 For a h i° mPl,Ca,ed ^ 6XPenSiVe Ci ™« C °"f'9 : 

Z ■ k, reaSOa ,ne co ^entional display panel 

22£ the markel does - racycla the p-r S 

« S ,or H !f definiti ° n and Wid6 screen are b *"9 Pro- 
moted for display panels, so that the number of data 

electrode and driving frequency is increasing Therl 

ore, power consumption of the interelectrode canac! 

tance ,s a big problem. Especially, for PDPs^he powe 

- to TtTn h" " ^ addreSS ' n9 P6ri0d is —ingX 
to that in the sustaining period, so the power recvclino 
will be necessary for the addressing too iTtryinq to re 
duce the power consumption without the poC recy-" 
sSid h! T 8f °' diSP ' ayed co,ors °r the intensity 

- [0008? Embln ,Sd ' WhfCh affeC,S ' he ° ua «y 

SSth« cow men,S ° f ' he PreSent inven,ion aim to 
reduce the power consumption due to the interelectrodp 
capactance in the addressing period, and decSase^e 
1ST °l COmp ° nents in '"a driving circu' ^ 
[0009] For each of plural data electrodes a dischara 

; r o 3 mTe!r apowerrecyc,in9circui,anda ^^^ 

da In SePara ' ely in acc °rdance with display 

data. In add.l.on, ,f the q-,h dale and the (q + i„h data 
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are the same in the display data given to each data elec- 
trode sequentially in synchronization with row selection 
of addressing, both the discharging path and the charg- 
ing path are opened so as to keep the electrode poten- 
tial. 

[001 0] Basically, providing four switches to each data 
electrode enables controlling connection between the 
data electrode and the power supply line or the ground 
line, and controlling connection with the power recycling 
circuit, so that plural data electrodes can share one pow- 
er recycling circuit. 

[0011] Furthermore, each data electrode can have 
two switches for controlling connection with the power 
recycling circuit, so that data electrode can share the 
switch for controlling connection with the power supply 
line or the ground line. In this configuration, electric pow- 
er can be recycled without depending on the combina- 
tion of display data by providing diodes adequately so 
that currents between data electrodes can be prevent- 
ed. However, it is not always necessary to prevent the 
current between data electrodes. Namely, if the number 
of objects to be charged and the number of objects to 
be discharged are not the same in plural data electrodes 
that share one power recycling circuit, a potential differ- 
ence is generated between the common connection 
node of the plural data electrodes and the recycling ca- 
pacitor, so that charging current or discharging current 
will appear. Therefore, recycling efficiency is not zero. 
Only when the number of objects to be charged and the 
number of objects to be discharged are the same coin- 
cidentally, the potential of the common connection node 
becomes substantially the middle potential between the 
power source potential and the ground potential due to 
the current between data electrodes, and neither the 
charging current or the discharging current appears. 
[0012] The switches for the data electrodes are 
packed into an IC chip. Thus, the driving circuit of the 
display panel having plural data electrodes can be real- 
ized in a small size. The switches that plural data elec- 
trodes share also can be packed into the IC chip. How- 
ever, if the packing is difficult because of restriction of 
current capacity, they can be made up of discrete com- 
ponents. 

[0013] In the first aspect of the present invention, the 
method for driving a display panel by controlling poten- 
tial for addressing of electrodes arranged within a 
screen, includes steps of providing a first to a fourth 
switches for each of plural data electrodes controlled by 
display data, using the first switch for making or breaking 
a current path from a bias potential line to a data elec- 
trode corresponding to the first switch, using the second 
switch for making or breaking a first resonance current 
path from a power recycling capacitor to a data elec- 
trode corresponding to the second switch, using the 
third switch for making or breaking a second resonance 
current path from a data electrode corresponding to the 
third switch to the capacitor, and using the fourth switch 
for making or breaking a current path from a data elec- 



trode corresponding to the fourth switch to a ground po- 
tential line. 

[0014] In the second aspect of the present invention, 
the driving method further includes the steps of connect- 

s ing all of the first switches to the bias potential line via 
a bias controlling switch, connecting all of the fourth 
switches to the ground potential tine via a ground con- 
trolling switch, and keeping both the bias controlling 
switch and the ground controlling switch in the open 

10 state until a predetermined period passes after the time 
point when at least one of the second switches or at least 
one of the third switches changes from the open state 
to the close state. 

[001 5] In the third aspect of the present invention, the 

is bias controlling switch and the ground controlling switch 
are controlled at the same timing. 
[0016] In the fourth aspect of the present invention, 
the driving method further includes the steps of connect- 
ing all of the second switches to the capacitor via a first 

20 auxiliary switch, connecting ail of the third switches to 
the capacitor via a second auxiliary switch, controlling 
the first auxiliary switch so as to start supplying current 
from the capacitor to the plural data electrodes simulta- 
neously, and controlling the second auxiliary switch so 

25 as to start supplying current to the capacitor from the 
plural data electrodes simultaneously. 
[0017] In the fifth aspect of the present invention, the 
first auxiliary switch and the second auxiliary switch are 
controlled at the same timing. 

30 [001 8] In the sixth aspect of the present invention, the 
device for driving a display panel by controlling potential 
for addressing of electrodes arranged within a screen 
includes a first to a fourth switches for each of plural 
data electrodes controlled by display data. The first 

35 switch is used for making or breaking a current path from 
a bias potential line to a data electrode corresponding 
to the first switch. The second switch being used for 
making or breaking a first resonance current path from 
a power recycling capacitor to a data electrode corre- 

40 sponding to the second switch. The third switch being 
used for making or breaking a second resonance cur- 
rent path from a data electrode corresponding to the 
third switch to the capacitor. The fourth switch being 
used for making or breaking a current path from a data 

45 electrode corresponding to the fourth switch to a ground 
potential line. 

[0019] In the seventh aspect of the present invention 
for the driving device, the first resonance current path 
includes a first inductance element for resonance with 

50 the capacitance within the screen, and the second res- 
onance current path includes a second inductance ele- 
ment for resonance with the capacitance. 
[0020] In the eighth aspect of the present invention, 
the method for driving a display panel by controlling po- 

55 tential for addressing of electrodes arranged within a 
screen, includes the steps of providing first and second 
switches for each of plural data electrodes controlled by 
display data, connecting all of the first switches to the 
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S n !T V ' a 3 bi3S control,i "9 switch, connect- 
ng all of the second switches to the ground potential 
me via a ground controlling switch, using the bias con- 
trolling switch for making or breaking a current path from 
a bias potential line to the plural data electrodes, using 
the first switch for making or breaking a first resonance 
current path from a power recycling capacitor to a data 
electrode corresponding to the first switch, using the 
second switch for making or breaking a second reso- 
nance current path from a data electrode corresponding 
to the first switch to the capacitor, and using the ground 
controlling switch for making or breaking a current path 
from the plural data electrodes to the ground potential 

£0021] In the ninth aspect of the present invention the 
driving method further includes the steps of providing 
diodes for all of the first switches so as to prevent a cur 
rent from each of the first switches to the other and pro- 
ving diodes for all of the second switches so as to pre- 
vent a current from each of the second switches to the 
other. 

[0022] In the tenth aspect of the present invention for 
the driving method, the bias controlling switch and the 
ground controlling switch are controlled at the same tim- 
ing. 

[0023] In the eleventh aspect of the present invention 
the driving method further includes the steps of connect- 
ing all of the first switches to the capacitor via a first aux- 
iliary switch, connecting all of the second switches to the 
capacitor via a second auxiliary switch, controlling the 
first aux.liary switch so as to start supplying current from 
he capacitor to the plural data electrodes simultaneous- 
ly, and controlling the second auxiliary switch so as to 
start supplying current to the capacitor from the plural 
data electrodes simultaneously 

[0024] In the twelfth aspect of the present invention 
for the driving melhod. the first auxiliary switch and the 
second auxiliary switch are controlled at the same tim- 

[0025] In the thirteenth aspect of the present inven- 
fion the device for driving a display panel by controlling 
potential for addressing of electrodes arranged within a 
screen mcludes first and second switches for each of 
plural data electrodes controlled by display data. All of 
the first switches are connected to the bias potential line 
via a bras controlling switch. All of the second switches 
are connected to the ground potential line via a ground 
controlling switch. The bias controlling switch is used for 
making or breaking a current path from a bias potential 
me to the plural data electrodes. The first switch is used 
or making or breaking a first resonance current path 
from a power recycling capacitor to a data electrode cor- 
respond.ng to the first switch. The second switch is used 
or making or breaking a second resonance current path 
rom a data electrode corresponding to the first switch t 
o the capacitor. The ground controlling switch is used 
or making or breaking a current path from the plural da- 
ta electrodes lo the ground potential line 
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[0026] In the fourteenth aspect of the present inven- 
tion, the driving device further includes diodes for pre- 
venting a current from each of the first switches to the 
other and diodes for preventing a current from each of 
the second switches to the other. 
[0027] m the fifteenth aspect of the present invention 
for the driving device, the first resonance current path 
includes a first inductance element for resonance with 
a capacitance within the screen, and the second reso- 
nance current path includes a second inductance ele- 
ment for resonance with the capacitance. 
[0028] In the sixteenth aspect of the present inven- 
tion, the integrated circuit device for controlling poten- 
tials of m (m s 2) data electrodes arranged within a 
screen of a display panel, includes m output terminals 
each of which corresponds to each of the m data elec- 
trodes, four connecting terminals for connecting to an 
external power recycling circuit, 4 x m switches for con- 
trolling continuity between each of the m output termi- 
nals and each of the four connecting terminals and a 
switeh driver circuit for controlling the 4 x m switches 
10029] In the seventeenth aspect of the present inven- 
tion for the integrated circuit device, the switch driver 
circuit mcludes a register that can memorize 4 x m bits 
of control data, and gives four bits of the control data 
corresponding to each of the m output terminals to four 
switches corresponding to the one output terminal one 
oy one bit. 

[0030] In the eighteenth aspect of the present inven- 
tion for the integrated circuit device, the switch driver 
circuit includes a signal gate for forcing the two of four 
switches corresponding to each of them output termi- 
nate to be the open state responding to an external con- 
trol signal. 

5 [0031] In the nineteenth aspect of the present inven- 
tion for the integrated circuit device, the switch driver 
circuit includes a register that can memorize 2 x m bits 
of control data, and generates four bits of data in ac- 
cordance with two bits corresponding to each o. the m 
output temmnals so as to give the data to four switches 

r™,?°? din9 ,0 ,he ° ne ou,ptrt ,erminal °ne by one bit 
[0032] m the twentieth aspect of the present invention 
for the integrated circuit device, the switch driver circuit 
includes a register that can memorize m bits of control 
data gives one bit of the control data corresponding to 
each of the m output terminals to two of four switches 
corresponding to the one output teiminal, and gives the 
inverted bit of the one bit to the other two of four switch- 
es. 

[0033] In the twenty-first aspect of the present inven- 
tion, the mtegrated circuit device for controlling poten- 
tials ol m(m > 2 ) data electrodes arranged within a 
screen of a display panel, includes m output terminals 
each of which corresponds to each of the m data elec- 
trodes, two connecting terminals for connecting to an 
external power recycling circuit, 2 X m switches for con- 
trolling continuity between each ol them output termi- 
nals and each of the two connecling terminals and a 
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switch driver circuit for controlling the 2 x m switches. 
[0034] In the twenty-second aspect of the present in- 
vention for the integrated circuit device, the switch driver 
circuit includes a register that can memorize 2 X m bits 
of control data, and gives two bits of the control data 
corresponding to each of the m output terminals to two 
switches corresponding to the one output terminal one 
by one bit. 

[0035] In the twenty-third aspect of the present inven- 
tion for the integrated circuit device, the switch driver 
circuit includes a register that can memorize m bits of 
control data, gives one bit of the control data corre- 
sponding to each of the m output terminals to one of two 
switches corresponding to the one output terminal, and 
gives the inverted bit of the one bit to the other one of 
two switches. 

[0036] In the twenty-fourth aspect of the present in- 
vention, the display device includes a display panel in- 
cluding M (2 s M ^ m x k, m is an integer greater than 
one and k is an integer greater than zero) data elec- 
trodes and N (2 ^ N) scan electrodes arranged within 
a screen, and a driving device for controlling potentials 
of the data electrodes and the scan electrodes for se- 
lective addressing. The driving device including an ad- 
dress driver circuit made up by k integral circuit devices 
and i (1 si«k) power recycling circuits. The power 
recycling circuit includes first and second inductance el- 
ements for resonance with the capacitance within the 
screen. 

[0037] Embodiments of the present invention will now 
be described, by way of example only, with reference to 
the accompanying drawings, in which: 
[0038] Fig. 1 is a schematic diagram showing a dis- 
play device in accordance with the present invention. 
[0039] Fig. 2 shows a general driving sequence. 
[0040] Figs. 3A and 3B are schematics of the address 
driver circuit. 

[0041] Fig. 4 shows a first example of the driving cir- 
cuit. 

[0042] Fig. 5 shows a second example of the driving 
circuit. 

[0043] Fig. 6 shows a third example of the driving cir- 
cuit. 

[0044] Fig. 7 shows a fourth example of the driving 
circuit. 

[0045] Fig. 8 shows a fifth example of the driving cir- 
cuit. 

[0046] Fig. 9 shows a first example of the driver. 
[0047] Fig. 10 is a time chart of the first example of 
the driver. 

[0048] Fig. 1 1 shows a second example of the driver. 
[0049] Fig. 12 is a time chart of the second example 
of the driver. 

[0050] Fig. 1 3 shows a third example of the driver. 
[0051] Fig. 14 is a time chart of the third example of 
the driver. 

[0052] Fig. 15 shows a tourth example of the driver. 
[0053] Fig. 16 is a time chart of the fourth example of 



the driver. 

[0054] Fig. 17 shows a fifth example of the driver. 
[0055] Fig. 18 is a time chart of the fifth example of 
the driver. 

5 [0056] Fig. 19 shows the relationship- between the 
load and the recycling efficiency. 
[0057] Hereinafter, the present invention will be ex- 
plained more in detail with reference to embodiments 
and drawings. 

10 [0058] Fig. 1 is a diagram showing a display device 1 
in accordance with an embodiment of the present inven- 
tion. 

[0059] The display device 1 includes an AC type plas- 
ma display panel (PDP) 10 that is a thin type color dis- 
T5 play device, and a drive unit 20 for selectively lightening 
cells arranged in M rows and N columns to make up a 
screen. The display device 1 is used as a flat type tele- 
vision set, a monitor of a computer system or other 
equipment. 

20 [0060] The PDP 1 0 includes a first and a second main 
electrodes X, Y disposed in parallel making a pair for 
generating sustaining discharge (or display discharge). 
In each cell, the main electrodes X, Y and an address 
electrode A as a third electrode cross each other to form 

25 three electrodes surface discharge structure. The main 
electrodes X, Y extend in the row direction (the horizon- 
tal direction) within the screen. The main electrode Y is 
used as a scan electrode for selecting cells in a row for 
addressing. The address electrode A extends in the col- 

30 umn direction (the vertical direction), and is used as a 
data electrode for cells in a column. The range of the 
substrate within which the main electrodes and the ad- 
dress electrodes cross with each other is a display range 
(i.e., a screen). 

35 [0061] The drive unit 20 includes a controller 21 , a da- 
ta processing circuit 23, a power supply circuit 25, an X 
driver circuit 27, a Y driver circuit 28, and an address 
driver circuit 29. The drive unit 20 is disposed at the rear 
side of the PDP 10, and each driver and the electrode 

40 of the PDP 10 are connected to each other electrically 
by a flexible cable (not shown). Field data Df represent- 
ing an intensity level (a gradation level) of each color R, 
G, B for each pixel are supplied to the drive unit 20 from 
an external equipment such as a TV tuner or a computer, 

45 along with various synchronizing signals. 

[0062] The field data Df are stored in a frame memory 
231 of a data processing circuit 23, and are converted 
into subfield data Dsf for performing gradation display 
by dividing the field into a predetermined number of sub- 

so fields. The subfield data Dsf are stored in a frame mem- 
ory 232, and are transferred in series to a timing circuit 
233 in synchronization with the progress of the display. 
Each bit of the subfield data Dsf represents ON or OFF 
of the cell in the subfield, more precisely ON or OFF of 

55 the address discharging. The timing circuit 233 converts 
the input subfield data Dsf into predetermined bits of 
control data DA in series so as to transfer the same to 
the address driver circuit 29. The control data DA is used 
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for controlling switching in the address driver circuit 29 
The number of bits of the control data DA corresponds 
to the configuration of the address driver circuit 29 
[0063] The X driver circuit 27 controls the potential of 
the main electrode X, while the Y driver circuit 28 con- 
trols the potential of the main electrode Y. The X driver 
circuit 27 and the Y driver circuit 28 have a power recy- 
cling circuit for collecting and reusing the power that was 
used for charging a capacitor between the main elec- 
trodes in the sustaining period. The address driver cir- 
cuit 29 controls the potentials of the M address elec- 
trodes (data electrodes) A in accordance with the control 
data DA. These driver circuits are provided with a pre- 
determined electric power by a power supply circuit 25 
via wiring conductors (not shown). 
[0064] Fig. 2 shows a general driving sequence 
[0065] In the display of a television image, gradation 
is reproduced by binary control of lighting. Therefore 
each sequential field f that is an input image is divided 
into, e.g., eight subframes sfl, sf2, sf3, sf4, sf5, sf6 sf7 
and sf8 (the suffix represents the order of display) In 
other words, each field f included in the frame is re- 
placed by a set of eight subframes sfl-sf8. When repro- 
ducing a non-interlace image such as an output of a 
computer, each frame is divided into eight. Weighting is 
performed so that relative intensities of the subfields sfl- 
sf are substantially 1 :2:4:8: 16: 32:64: 128 for setting the 
number of sustaining discharge times of each subfield 
sfl-sf8. Combination of ON and OFF for each subfield 
enables 256 steps of intensity for each color R, G, B, so 
that 256 3 colors can be displayed. 
[0066] The subfield period assigned to each subfield 
sfl-sf8 includes a preparation period TR for initializing 
charge distribution, an addressing period TA for forming 
charge distribution in accordance with display contents 
and a sustaining period TS for sustaining the lightened 
state to ensure the intensity in accordance with the gra- 
dation level. 

[0067] The lengths of the preparation period TR and 
the addressing period i A are constant without depend- 
ing on the weight of the intensity, while the length of the 
sustaining period TS is longer for larger weight of the 
intensity. Namely, the lengths of eight subfield periods 
of one field f are different from each other. 
[0068] The driving waveform can be changed in its 
amplitude, polarity and timing, and the driving waveform 
shown in Fig. 2 is merely an example. Here, the illus- 
trated waveform will be explained supposing that the 
write format addressing is performed. In Fig 2 refer- 
ence numerals of the electrodes are accompanied with 
suffix representing the order of arrangement. 
[0069] In the preparation period TR, a pulse Pr having 
a peak value Vr is applied to all of the main electrodes 
X r X N simultaneously. In the same time, a pulse Pra is 
applied to all of the address electrodes A r A M for pre- 
venting discharge between the address electrodes A - 
A M and the main electrodes X r X N . The application of 
the pulse Pr generates surface discharge over the entire 



screen between the main electrodes. Thus, self-dis- 
chargmg due to excessive wall electric charge is gener- 
ated at the rising edge of the pulse Pr, so that the wall 
electric charge disappears almost completely. 
[0070] In the addressing period TA, the' wall electric 
charge necessary for sustaining is formed only in the 
cell to be lightened. All of the main electrodes X r X N nd 
all of the main electrodes Y r Y N are biased to a prede- 
ternrwned potential Va, -Vc, and a scan pulse Py is ap- 
plied to one main electrode Y corresponding to the se- 
lected row every row selection period (a scan period for 
one row) Ty. Namely, the main electrode Y is biased to 
the potential - vy At the same time, an address pulse Pa 
is applied to only the address electrode A corresponding 
« to the cell to be lightened. Namely, the potentials of the 
address electrodes A.-A^ are controlled to zero or Va 
in accordance with the control data DA corresponding 
to the subfield data Dsf of M columns of the selected 

20 tw^th ^ dischar 9ing occurs be- 

tween the mam electrode Y and the address electrode 
A which becomes a trigger for generating the surface 
discharge between the main electrodes. These sequen- 
tial discharges make the address discharge. The ad- 
dress discharge forms a desired wall electric charge In 
he case of erasing address format, the entire surface 
is charged ,n the preparation period TR and the address 
discharge is generated only in the cellnot to be lightened 
so that undesired wall electric charge is erased. Thus 

so Tned ° har9e rGmainS in the 08,1 to be 

L?°7L ,n / he sustainin 9 P er '"°d TS, all of the address 
e ectrode >yA M is biased to the potential va so as to 

P.T i, V T 6d diSChar9a Then ' a susta ™g pulse 
trode X, -X N alternately. Since the peak value Vs of the 
sustaining pulse Ps is lower than the firing potential, dis 
vSZTh" 0 ^"^" 0 ^ su e eri ™P<*ition of the wall 

the cfn ' J °k? ' SUffaCe diSChar 9 e <*™* °n'y h 
the cell to be lightened in which the waii electric charqe 

Sri SUStainin9 PU ' Se PS * ° n thlS °^sion P dit 
charging gas emits ultraviolet rays, which pumps fluo- 
rescent substances to light. 
45 5£2 ^ erei "f er 'P°wer recycling will be explained. 
[0073] Figs. 3A and 3B are schematics of the address 

Z%r£ 3A Sh ° WS 3n OVera " ^guTeZ 

and F.g. 3B shows a configuration of a portion corre- 
sponding to one power recycling circuit. In Figs. 3A and 
3B elements having the same function are accompa- 
« nied with the same numeral with different suffix repre- 
senting the order of arrangement. However, in the fol- 
lowing explanation, the suffix may be omitted in the case 
where ,t is not necessary to distinguish the order of ar- 
rangement. 

55 Th , e f ^ °' ' he PDP 1 is SXGA (^ng 1024 

x 280 p. X els). One pixel includes three subpixels ar 
ranged horizontal^ for reproducing color. One address 
electrode A ,s assigned to each subpixel. so the sum of 
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the address electrode A is 3840 (= 1280 x 3). In this 
example, the potentials of the 3840 address electrodes 
A r A 3840 are controlled by sixty drivers 32. Each driver 
32 is an integral circuit device being in responsible for 
controlling the sixty-four address electrodes A as shown 
in Fig. 3B. The sixty drivers 32 are divided into six driver 
groups 311-31 6, each of which includes ten drivers; The 
power recycling circuits 331-336 are disposed one to 
each of the driver groups 311-316, i.e., one to 640 ad- 
dress electrodes A. The address driver circuit 29 in- 
cludes sixty drivers 32 and six power recycling circuits 
33. The power recycling circuit 33 is disposed for reduc- 
ing power consumption by interelectrode capacitance 
C A accompanying each of the address electrodes A-j - 
A 3840 . The interelectrode capacitance C A is a capacitor 
between neighboring address electrodes, as well as the 
address electrode A and the main electrodes X, Y. The 
number m of the address electrodes A for which each 
driver 32 is responsible, and the number i of the power 
recycling circuits 33 can be selected within the range 
satisfying the following relationship. 

1 ^ m ^ M (M is the sum of the address elec- 
trodes) 

1 ^ i ^ k (k is the number of drivers 32) 
The number k is M/m if the value is integer, while it is 
rounded up if the value is not integer. 
[0075] The sixty drivers 32 have the same configura- 
tion, so the configurations of the driving circuit (five 
types) are explained focusing the first driver 32 as fol- 
lows. In order to distinguish the examples, the reference 
numerals of the above-mentioned elements are accom- 
panied with suffixes a (for the first example), b (for the 
second example), c (for the third example), d (for the 
fourth example) and e (for the fifth example). The circuit 
elements illustrated by symbols are represented by the 
common reference numeral for all examples, so as to 
avoid complication of the diagram and the explanation. 

[First Configuration] 

[0076] Fig. 4 shows a first example of the driving cir- 
cuit. The driver 32a includes m output terminals OUJ^ - 
OUT m each of which corresponds to each of m address 
electrode A-,-A m , four connecting terminals CU, LU, LD 
and CD for connecting with the power recycling circuit 
33a, 4 X m switches 41 r 41 m , 42 r 42 m , 42 r 42 m and 
42 1 -42 m , and switch driver circuit 49. Four switches 41 , 
42, 43 and 44 are disposed for each output terminal 
OUT, so that continuity between each output terminal 
OUT and each connecting terminal CU, LU, LD or CD 
can be controlled independently. The switch driver cir- 
cuit 49 controls ON and OFF of the switches 41 . 42, 43 
and 44 in accordance with the above-mentioned control 
data DA. In order to avoid short circuit of the power sup- 
ply, one of the switches 41 and 44 is ON while the other 
is OFF The switches 42 and 43 are also selectively 
turned on. 

[0077] The power recycling circuit 33a includes two 



inductors 51 and 52 for resonance, a capacitor 55 for 
recycling, diodes 61 and 62 for restricting the direction 
of the resonance current, and diodes 63 and 64 for pro- 
tecting the power source. The diodes 63, 64 can be omit- 

5 ted. The capacitance of the capacitor 55 is preferably 
set to a sufficiently large value compared with the sum 
of the interelectrode capacitance C A accompanied with 
the m address electrode A r A m (see Fig. 3) so that volt- 
age of the capacitor 55 hardly alters during power recy- 

10 cling operation. In addition, inductance values of the in- 
ductors 51 and 52 should be set so that the necessary 
time for charging and discharging becomes sufficiently 
short in the case of the maximum load where the target 
of charging and discharging is the sum of the interelec- 

is trode capacitance C A . 

[0078] More specifically, if the value of the interelec- 
trode capacitance C A for one address electrode A is ap- 
proximately 20 pF, the sum of the interelectrode capac- 
itance C A for m = 640 is approximately 0.001 28u,F. In 

zo this case, the capacitor 55 having 1 OuP will be sufficient. 
Furthermore, the practical range of the inductance val- 
ues of the inductors 51 and 52 is 300-500 nH. However, 
the inductance values can be out of the range depend- 
ing on the design giving a high priority to the charging 

25 and discharging time or the power recycling ratio. 

[0079] The diode 63 is removed in the case where it 
is necessary to prevent the potential of the connecting 
terminal CU from being higher than the potential Va of 
the power supply line (bias potential line) 81 . In the same 

30 manner, the diode 64 is removed if it is necessary to 
prevent the potential of the connecting terminal CD from 
being lower than the potential of the ground line 82. 
[0080] In the addressing period TA explained with ref- 
erence to Fig. 2, the driver 32a works as below. 

35 [0081] A basic operation of the driver 32a is control- 
ling ON and OFF of the switches 41 and 44 that are in- 
dependent from each other for each output terminal 
OUT. In the addressing period TA, the switch 41 is 
turned on when applying the address pulse Pa to a cer- 

40 tain address electrode A. Thus, the current path p1 from 
the power supply line 81 to the output terminal OUT via 
the connecting terminal CU is closed, and the output ter- 
minal OUT is biased to the potential Va. The switch 44 
is turned on if the address pulse Pa is not applied. Thus, 

45 the current path p4 from the output terminal OUT to the 
ground line 82 via the connecting terminal CU is closed, 
and the output terminal OUT is connected to the ground. 
The driver 32a controls ON and OFF of the switches 42 
and 43 as power recycling operation at the timing syn- 

50 chronized with ON and OFF of the switches 41 and 44. 
[0082] In each output terminal OUT, the switch 42 is 
turned on before switch 41 is turned on. Thus, the res- 
onance current path p2 is closed that runs from the ca- 
pacitor 55 to the output terminal OUT via the inductor 

55 51 and the connecting terminal LU. If the capacitor 55 
has already been charged at this time point, current due 
to oscillation of the inductor 51 and the interelectrode 
capacitance C A flows from the capacitor 55 to the ad- 
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dress electrode A, so the potential of the address elec- 
trode A rises. Namely, the accumulated charge of the 
capacitor 55 is used for charging the interelectrode ca- 
pacitance c A . After that, when the potential of the ad- 
dress electrode A approaches the bias potential Va the 
switch 41 is turned on as mentioned above so 'that 
charging of the interelectrode capacitance C A is supple- 
mented by the power supply line 81, and the potential 
of the address electrode A becomes the bias potential 
Va. The supplement of charging is the power consump- 
tion concerning the interelectrode capacitance C A 
[0083] Furthermore, in the output terminal OUT the 
switch 43 is turned on before the switch 44 is turned on 
Thus, the resonance current path p3 from the output ter- 
minal OUT to the capacitor 55 via the connecting termi- 
nal LD and the inductor 52 is closed. The current due to 
resonance of the inductor 52 and the interelectrode ca- 
pacitance C A flows from the address electrode A to the 
capacitor 55, and the potential of the address electrode 
A drops. Namely, the accumulated charge of the intere- 
lectrode capacitance C A is collected by the capacitor 55 
After that, when the potential of the address electrode 
A approaches the ground potential, the switch 44 is 
turned on as mentioned above. Then, the remaining 
charge of the interelectrode capacitance C A is released 
to the ground line 82 by the power supply line 81 and 
the potential of the address electrode A becomes the 
ground potential. 



[Second Configuration] 

[0084] Fig. 5 shows a second example of the drivina 
circuit. y 

[0085] The block configuration of the driver 32b is the 
same as in the first example, so the explanation thereof 
is omitted. A distinct point of the second example is that 
the power recycling circuit 33b includes switches 73 and 
74. The switch 73 is disposed between the power supply 
line 81 and the diode 63 : and controls open and close 
of the current path P 1 in accordance with the control sig- 
nal CU. The switch 74 is disposed between the ground 
line 82 and the diode 64, and controls open and close 
of the current path P 4 in accordance with the control sig- 
nal CD. A switching device such as an FET is suitable 
for the switches 73 and 74. The control signals CU and 
CD are given by the controller 21 (see Fig. 1). The di- 
odes 63 and 64 can be omitted in the same way as in 
the first configuration. 

[0086] The circuit configuration for controlling the 
switches 41-44 can be simplified by disposing the 
switches 73 and 74. 

[0087] It can be set independently whether the switch- 
es 41 -44 are turned on or off. However, even in the con- 
figuration of the control circuit in which turning on and 
turning off arc performed at the same timing, the switch- 
es 73 and 74 are turned off during the switch 42 or the 
switch 43 is turned on for reusing or collecting electric 
power. Then the switch 41 can be turned on at the same 



time as the switch 42, and the switch 44 can be turned 
on at the same time as the switch 43. 

[Third Configuration] 

5 

[0088] Fig. 6 shows a third example of the driving cir- 
cuit. The block configuration of the driver 32c is the 
same as in the first example, so the explanation thereof 
is omitted. A distinct point of the third example is that 
io the power recycling circuit 33c includes switches 71 and 
72 adding to the switches 73 and 74. The switch 71 is 
disposed between the capacitor 55 and the diode 61 
and controls open and close of the resonance current 
path2 in accordance with the control signal LU The 
™ switch 72 is disposed between the diode 64 and the ca- 
pacitor 55, and controls open and close of the reso- 
nance current path3 in accordance with the control sig- 
nal LD. The control signals LU and LD are given by the 
controller 21 (see Fig. 1). 
20 [0089] Providing the switches 71 and 72, start timing 
of the resonance current can be adjusted even if the 
switches 42, 43 have different characteristics between 
the output terminals OUT The switch 71 or the switch 
72 is turned on after turning on the switch 42 or the 
switch 43 corresponding to the output terminal OUT *" 
whose potential is to be switched. 

[Fourth Configuration] 



*> [0090] Fig. 7 shows a fourth example of the driving 
circuit. a 

■ dnVer 32d includes m out P ut terminals 
out, -0UT m each of which corresponds to each of m ad- 
dress electrode A, -A m , two connecting terminals LU and 
LD for connecting with the power recycling circuit 33d 
2 X m switches 45, -45 n and 46, -46 m , and switch driver 
circuit 49. Two switches 45 and 46 are disposed for each 
output terminal OUT, so that continuity between each 
output terminal OUT and each connecting terminal LU 
or LD can be controlled independently. The switch driver 
circuit 49 controls ON and OFF of the switches 45 and 
46 ,n accordance with the above-mentioned control data 
DA. In order to avoid short circuit of the power source 
one of the switches 45 and 46 is ON while the other is 
OFF. 

[0092] The power recycling circuit 33d includes two 
inductors 51 and 52 for resonance, a capacitor 55 for 
recycling, diodes 61 and 62 for restricting the direction 
of the resonance current, and diodes 63 and 64 for pro- 
tecting the power source. In this example too, the diode 
63 is removed in the case where it is necessary to pre- 
vent the potential of the connecting terminal CU from 
being higher than the potential Va of the power supply 
line 81 In the same way, the diode 64 is removed if it is 
necessary to prevent the potential of the connecting ter- 
minal CD from being lower than the potential of the 
ground line 82. 

[0093] In the addressing period TA explained with ref- 
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erence to Fig. 2, the driver 32d works as below. 
[0094] An operation of the driver 32d is controlling ON 
and OFF of the switches 45 and 46 that are independent 
of each other for each output terminal OUT. In the ad- 
dressing period TA, the switch 45 is turned on when ap- 
plying the address pulse Pa to a certain address elec- 
trode A. Thus, the current path p3 from the capacitor 55 
to the output terminal OUT via the inductor 51 and con- 
necting terminal LU is closed. If the capacitor 55 has 
already been charged at this time point, current due to 
oscillation of the inductor 51 and the interelectrode ca- 
pacitance C A flows from the capacitor 55 to the address 
electrode A. so the potential of the address electrode A 
rises. After that, when the potential of the address elec- 
trode A approaches the bias potential va, the switch 73 
is turned on so that the current path p1 from the power 
supply line 81 to the output terminal out via the connect- 
ing terminal LU is closed. Thus, the charging of the in- 
terelectrode capacitance C A is supplemented by the 
power supply line 81 , and the potential of the address 
electrode A becomes the bias potential Va. The supple- 
ment of charging is the power consumption concerning 
the interelectrode capacitance C A . 
[0095] Furthermore, the switch 46 is turned on while 
the switches 73 and 74 are turned off when the address 
pulse Pa is not applied. Thus, the resonance current 
path p3 from the output terminal OUT to the capacitor 
55 via the connecting terminal LD and the inductor 52 
is closed. The current due to resonance of the inductor 
52 and the interelectrode capacitance C A flows from the 
address electrode A to the capacitor 55, and the poten- 
tial of the address electrode A drops. Namely, the accu- 
mulated charge of the interelectrode capacitance C A is 
collected by the capacitor 55. After that, when the po- 
tential of the address electrode A approaches the 
ground potential, the switch 74 is turned on so that the 
current path p4 from the output terminal OUT to the 
ground line 82 via the connecting terminal LD is closed. 
Thus, the remaining charge of the interelectrode capac- 
itance C A is released to the ground line 82, and the po- 
tential of the address electrode A becomes the ground 
potential. 

[0096] If the diodes 47 and 48 do not exist, a current 
pass that does not make up a resonance circuit is 
formed between the output terminals OUT when the 
switches 45 and 46 are turned on, so that the electric 
charge moves. Therefore, the potential of the connect- 
ing terminals LU and LD can be the same as that of the 
capacitor 55. In this case, neither collection nor reuse 
of electric power can be performed. Such a problem can 
be prevented by restricting the direction of the current 
by the diodes 47 and 48, so that the collection and the 
reuse of the electric power can be performed in parallel. 
However, even if the diodes 47 are 48 are omitted, po- 
tential difference can be generated between the con- 
necting terminal LU or LD and the capacitor 55 when 
the number of the output terminals OUT as objects of 
discharge (collection) and the number of the output ter- 



minals OUT as objects of charge (reuse) are not the 
same. In this case, the collection or the reuse can be 
performed. 

5 [Fifth Configuration] 

[0097] Fig. 8 shows a fifth example of the driving cir- 
cuit. 

[0098] The block configuration of the driver 32e is the 
same as in the fourth example, so the explanation there- 
of is omitted. A distinct point of the fifth example is that 
the power recycling circuit 33e includes switches 71 and 
72. The switch 71 is disposed between the capacitor 55 
and the diode 61 , and controls open and close of the 
resonance current path p2 in accordance with the con- 
trol signal LU. The switch 72 is disposed between the 
diode 62 and the capacitor 55, and controls open and 
close of the resonance current path p3 in accordance 
with the control signal LD. The control signals LU and 
LD are given by the controller 21 . 
[0099] Providing the switches 71 and 72, start timing 
of the resonance current can be adjusted even if the 
switches 45, 46 have different characteristics between 
the output terminals OUT. The switch 71 or the switch 
72 is turned on after turning on the switch 45 or the 
switch 46 corresponding to the output terminal OUT 
whose potential is to be switched. 
[0100] Next, a concrete example of the driver 32 will 
be explained. 

[0101] Fig. 9 shows a first example of the driver. Fig. 
10 is a time chart of the first example of the driver. In 
Fig. 1 0 and other following time charts, switches ar*> de- 
noted by SW. 

[0102] The driver 32f in Fig. 9 can be applied to the 
above-mentioned circuit configurations shown in Figs. 
4. 5 and 6. The driver 32f includes a shift register 91 for 
serial to parallel conversion of 4 X m bits of control data 
DA, a latch circuit 94 for latching the 4 X m bits of control 
data DA, 2 X m AND circuits 98, and 4 X m switch driv- 
ers 97 corresponding to the switches 41 -44. The shift 
register 91 , the latch circuit 94, the AND circuits 98 and 
the switch drivers 97 make up the above-mentioned 
switch driver circuit 49. The latch circuit 94 is a set of 
flip-flop circuits. Each output terminal OUT corresponds 
to four bits of the 4x m bits of control data DA that are 
. latched by the latch circuit 94 responding to a latch, sig- 
nal SL, and these four bits are given to the switches 
41-44 one by one bit. Each of the switches 41-44 in- 
cludes an FET and a diode, and a control voltage is ap- 
plied to the gate of the FET by the switch driver 97. The 
diode can be omitted. The switch driver 97 outputs a 
control voltage based on the source potential of the cor- 
responding FET. The AND circuit 98 is provided for the 
switches 41 and 44, and transmits the control data DA 
from the latch circuit 94 to the switch driver 97 corre- 
sponding to the switches 41 and 44 only when an enable 
signal SE is active. The control data DA are given to the 
switch driver 97 corresponding to the switches 42 and 
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43 directly from the latch circuit 94. Providing the AND 
circuit 98, all output terminals OUT can be separated 
from the power supply line 81 and the ground line 82 
during collection and reuse of electric power, only by giv- 
ing the binary enable signal SE from the controller 21. 
[0103] Fig. 10 shows an example of addressing in 
which j-th output terminal OUTj and 0+1 )th output ter- 
minal OUTjj +1 are biased to the potential Va in a certain 
row selection period Ty, and the output terminal OUTj is 
backed to the ground potential during the next row se- 
lection period Ty while the output terminal OUT j+1 is kept 
to the potential Va. After the potential of the terminals 
OUTj OUT j+1 rises from the ground potential to the po- 
tential Va' due to the resonance, the period from the time 
point when the switch (SW) 41 is turned on (closes) so 
that the potential of the terminals OUTj, OUT j+1 rises 
from the potential Va' to the potential Va, to the time point 
when the switch 41 is turned off makes the effective 
pulse width Td of the address pulse Pa. During the pe- 
riod Tz from turn-off of the switch 41 to tum-on of the 
switch 42 for starting recycling, the output terminal OUT 
keeps high impedance state. 

[01 04] In this example, the four switches 41 -44 corre- 
sponding to the address electrodes A can be controlled 
independently, so that an optimum timing can be given 
for switching and keeping the potential. In addition, 
since the collection and the reuse of the electric power 
can be performed simultaneously by using external in- 
ductances 51, 52, the effective pulse width Td can be 
sufficiently long. 

[0105] Fig. 11 shows a second example of the driver, 
and Fig. 12 is a time chart of the second example of the 
driver. 

[0106] The driver 32g in Fig. 11 can be applied to the 
above-mentioned circuit configurations shown in Figs. 
4, 5 and 6. 

[0107] The driver 32g includes a shift register 92 for 
serial to parallel conversion of 2 x m bits of control data 
DA, a latch circuit 95 for latching the 2 X m bits of control 
data DA, m inverters 99, 2 X m AND circuits 98, and 4 
X m switch drivers 97 corresponding to the switches 
41-44. The shift register 92, the latch circuit 95, the in- 
verters 99, the AND circuits 98 and the switch drivers 
97 make up the above-mentioned switch driver circuit 
49. Each output terminal OUT corresponds to two bits 
of the 2 X m bits of control data DA that are latched by 
the latch circuit 95 responding to a latch signal SL, and 
the switches 41-44 are controlled in accordance with 
these two bits. A first bit is given to the switch 41 directly, 
while the bit is given to the switch 44 after inverted by 
the inverter 99. An AND signal of the first and the second 
bits obtained by the AND circuit 98 is given to the switch 
42. An AND signal of the second bit and the inverted 
signal of the first bit is given to the switch 43. The control 
data DA indicate that the output is one when the first bit 
is one, the output is not changed when the second bit is 
zero, and the output is changed when the second bit is 
one. In this example, the switches 41 -44 can be control- 



led at the same timing by using the external switches 73 
and 74. In addition, the states of the switches 41 -44 in- 
cludes only four combinations, which are (1,1,0, 0), (0, 
0, 1 , 1 ), (1 , 0, 0, 0) and (0, 0, 0, 1 ) where M 0 U represents 
5 closing and "1 ■ represents opening. Since the number 
of bits for the shift register and the latch circuit is the half 
of that in the example shown in Fig. 9, the present ex- 
ample, which is the best example of the present inven- 
tion, has an advantage in packing the circuit into an IC 
10 chip. 

[0108] Fig. 1 3 shows a third example of the driver, and 
Fig. 14 is a time chart of the third example of the driver. 
[0109] The driver 32h in Fig. 1 3 can be applied to the 
above-mentioned circuit configurations shown in Figs. 
is 5 and 6. The driver 32h includes a shift register 93 for 
serial to parallel conversion of 1 x m bits of control data 
DA, a latch circuit 96 for latching the 1 x m bits of control 
data DA, m inverters 99, and 4 X m switch drivers 97 
corresponding to the switches 41-44. The shift register 
20 93, the latch circuit 96, the inverters 99 and the switch 
drivers 97 make up the above-mentioned switch driver 
circuit 49. Each output terminal OUT corresponds to one 
bit of the 1 x m bits of control data DA that are latched 
by the latch circuit 96 responding to a latch signal SL, 
25 and the switches 41-44 are controlled in accordance 
with this one bit. The one bit is given to the switches 41 
and 42 directly, while the bit is given to the switches 43 
and 44 after inverted by the inverter 99. The timings of 
ON and OFF of the switches 41 and 42 are the same, 
30 and timings of ON and OFF of the switches 43 and 44 
are the same. 

[0110] In this example, the switches 41-44 can be 
controlled at the same timing by using the external 
switches 73 and 74. In addition, since each bit of the 
35 control data DA is used for two switches, the number of 
bits for the shift register and the latch circuit is one fourth 
of that in the example shown in Fig. 9. 
[0111] In the above-mentioned switches 41 and 44 
shown in Figs. 9, 11 and 13, the diode connected to the 
40 FET in series can be removed if it is necessary to pre- 
vent the potential of the output terminal OUT from being 
higher than Va, or from being lower than the ground po- 
tential. Furthermore, the diode connected to the FET in 
the switches 42 and 43 can be omitted, if it is provided 
^5 to the external power recycling circuit 33. 

[0112] Fig. 15 shows a fourth example of the driver, 
and Fig. 16 is a time chart of the fourth example of the 
driver. 

[011 3] The driver 32i in Fig. 1 5 can be applied to the 
50 above-mentioned circuit configurations shown in Figs. 
7 and 8. The driver 32i includes a shift register 92 for 
serial to parallel conversion of 2 X m bits of control data 
DA, a latch circuit 95B for latching the 2 X m bits of con- 
trol data DA, and 2 X m switch drivers 97 corresponding 
55 to the switches 41-44. The shift register 92, the latch 
circuit 95B and the switch drivers 97 make up the above- 
mentioned switch driver circuit 49. Each output terminal 
OUT corresponds to two bits of the 2 X m bits of control 
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data DA that are latched by the latch circuit 95B. One 
bit of the two bits that is latched responding to a latch 
signal SL1 is given to the switch 45, and the other bit 
that is latched responding to a latch signal SL2 is given 
to the switch 46. Each of the switches 45 and 46 includes 
an FET and a diode, and a control voltage is applied to 
the gate of the FET by the switch driver 97. The switch 
driver 97 outputs a control voltage based on the source 
potential of the corresponding FET 
[01 1 4] Fig. 1 7 shows a fifth example of the driver, and 
Fig. 18 is a time chart of the fifth example of the driver. 
[0115] The driver 32j in Fig. 17 can be applied to the 
above-mentioned circuit configurations shown in Fig. 8. 
The driver 32j includes a shift register 93 for serial to 
parallel conversion of 1 X m bits of control data DA, a 
latch circuit 96 for latching the 1 x m bits of control data 
DA, m inverters 99, and 2 x m switch drivers 97 corre- 
sponding to the switches 41 -44. The shift register 93, 
the latch circuit 96, the inverters 99 and the switch driv- 
ers 97 make up the above-mentioned switch driver cir- 
cuit 49. Each output terminal OUT corresponds to one 
bit of the 1 x m bits of control data DA that are latched 
by the latch circuit 96, and the switches 45 and 46 are 
controlled in accordance with this one bit. The one bit is 
given to the switch 45 directly, and the bit is given to the 
switch 46 after inverted by the inverter 99. The timing of 
ON and OFF of the switches 45 and 46 are the same. 
[0116] In the above-mentioned circuit configuration, 
the control signals CU, CD, LU and LD can be generated 
by reading waveforms at a predetermined timing that 
was memorized in a ROM. Alternatively, it may be 
judged whether the output of the control signals CU, CD, 
LU and LD is necessary or not, in accordance with the 
subfieid data Dsf. and the output is performed in accord- 
ance with the result of the judgement. Though examples 
were explained in which the number of the switches per 
one address electrode A is two or four, the number can 
be k that is equal to or more than two. The switch in the 
driver 32 is not limited to a transistor and a diode con- 
nected in series, but can be anything that has switching 
function. 

[0117] Fig. 19 shows the relationship between the 
load and the recycling efficiency. 
[01 18] In the circuit configuration of the present inven- 
tion, the inductance of the power recycling circuit 33 is 
fixed. Since the number (load) of the address electrode 
A that is targets of power collection and reuse varies in 
accordance with the display data, the resonance fre- 
quency is not stable. However, selecting the inductance 
of the inductors 51 and 52 in accordance with the max- 
imum load as mentioned above, a practical recycling ef- 
ficiency can be obtained regardless of the load variation. 
Though the load variation generates distortion of the 
waveform at the rising and falling edges, the resonance 
can transit the potential of the electrode to the same po- 
tential as in the maximum load even if it is the minimum 
load. If the effective pulse width Td is sufficiently long, 
the address discharge can be generated securely re- 



gardless of the edge distortion of the address pulse Pa 
by adjusting the timing with the potential control of the 
main electrode Y. 

s [Effect of the present invention] 

[0119] According to the present invention, the power 
consumption due to the interelectrode capacitance in 
the addressing period can be reduced securely by pow- 

io er recycling circuits less than data electrodes. 

[0120] According to one preferred feature, four 
switches corresponding to data electrodes does not 
need to be controlled at different timings, so the control 
circuit can be simplified by using the common timing. ^ 

is [01 21] According to another preferred feature, even if 
the switches corresponding to plural data electrodes 
have different state transition characteristics, reso- 
nance can be generated in the same manner as in the 
case where they have the same state transition charac- 

20 teristics. 

[01 22] According to another preferred feature, power 
collection and reuse can be performed also in the case 
where the number of the data electrode to be charged 
is substantially the same as the number of the data elec-y 

25 trode to be discharged. ^ 
[0123] According to another preferred feature, even if . 
the switches corresponding to plural data electrodes 
have different state transition characteristics, reso- 
nance can be generated in the same manner as in the 

30 case where they have the same state transition charac- 
teristics. 

[0124] According to another preferred feature, power 
collection and reuse can be performed also in the case 
where the number of the data electrode to be charged 
35 is substantially the same as the number of the data elec- 
trode to be discharged. 
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Claims 



A method for driving a display panel by controlling 
potential for selective addressing of electrodes ar- 
ranged within a screen, the method comprising the 
steps of: 

providing a first to a fourth switches for each of 
plural data electrodes controlled by display da- 
ta; 

using the first switch for making or breaking a 
current path from a bias potential line to a data 
electrode corresponding to the first switch; 
using the second switch for making or breaking 
a first resonance current path from a power re- 
cycling capacitor to a data electrode corre- 
sponding to the second switch; 
using the third switch for making or breaking a 
second resonance current path from a data 
electrode corresponding to the third switch to 
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4. 



the capacitor; and 

using the fourth switch for making or breaking 
a current path from a data electrode corre- 
sponding to the fourth switch to a ground po- 
tential line. 

The method according to claim 1, further compris- 
ing the steps of: 

connecting all of the first switches to the bias 
potential line via a bias controlling switch; 
connecting all of the fourth switches to the 
ground potential line via a ground controlling 
switch; and 

keeping both the bias controlling switch and the 
ground controlling switch in the open state until 
a predetermined period passes after the time 
point when at least one of the second switches 
or at least one of the third switches changes 
from open state to close state. 

The method according to claim 2, wherein the bias 
controlling switch and the ground controlling switch 
are controlled at the same timing. 

The method according to any one of claims 1 to 3, 
further comprising the steps of: 

connecting ail of the second switches to the ca- 
pacitor via a first auxiliary switch; 
connecting all of the third switches to the ca- 
pacitor via a second auxiliary switch; 
controlling the first auxiliary switch so as to start 
supplying current from the capacitor to the plu- 
ral data electrodes simultaneously; and 
controlling the second auxiliary switch so as to 
start supplying current to the capacitor from the 
plural data electrodes simultaneously. 

The method according to claim 4, wherein the first 
auxiliary switch and the second auxiliary switch are 
controlled at the same timing. 

A device for driving a display panel by controlling 
potential for selective addressing of electrodes ar- 
ranged within a screen, the device comprising: 

a first to a fourth switches for each of plural data 
electrodes controlled by display data; 
the first switch being used for making or break- 
ing a current path from a bias potential line to 
a data electrode corresponding to the first 
switch; 

the second switch being used for making or 
breaking a first resonance current path from a 
power recycling capacitor to a data electrode 
corresponding to the second switch; 
the third switch being used for making or break- 
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ing a second resonance current path from a da- 
ta electrode corresponding to the third switch 
to the capacitor; and 

the fourth switch being used for making or 
breaking a current path from a data electrode 
corresponding to the fourth switch to a ground 
potential line. 

The device according to claim 6, wherein the first 
resonance current path includes a first inductance 
element for resonance with the capacitance within 
the screen, and the second resonance current path 
includes a second inductance element for reso- 
nance with the capacitance. 

A method for driving a display panel by controlling 
potential for selective addressing of electrodes ar- 
ranged within a screen, the method comprising the 
steps of: 

providing a first and a second switches for each 
of plural data electrodes controlled by display 
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connecting all of the first switches to the bias 
potential line via a bias controlling switch; 
connecting all of the second switches to the 
ground potential line via a ground controlling 
switch; 

using the bias controlling switch for making or 
breaking a current path from a bias potential 
line to the plural data electrodes; 
using the first switch for making or breaking a 
first resonance current path from a power recy- 
cling capacitor to a data electrode correspond- 
ing to the first switch; 

using the second switch for making or breaking 
a second resonance current path from a data 
electrode corresponding to the first switch to 
the capacitor; and 

using the ground controlling switch for making 
or breaking a current path from the plural data 
electrodes to the ground potential line. 

The method according to claim 8, further compris- 
ing the steps of: 

providing diodes for all of the first switches so 
as to prevent a current from each of the first 
switches to the other; and 
providing diodes for all of the second switches 
so as to prevent a current from each of the sec- 
ond switches to the other. 

The method according to claim 8 or 9, wherein the 
bias controlling switch and the ground controlling 
switch are controlled at the same timing. 

The method according to any one of claims 8 to 10, 
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further comprising the steps of: 

connecting all of the first switches to the capac- 
itor via a first auxiliary switch; 
connecting alt of the second switches to the ca- 
pacitor via a second auxiliary switch; 
controlling the first auxiliary switch so as to start 
supplying current from the capacitor to the plu- 
ral data electrodes simultaneously; and 
controlling the second auxiliary switch so as to 
start supplying current to the capacitor from the 
plural data electrodes simultaneously. 

12. The method according to claim 11 , wherein the first 
auxiliary switch and the second auxiliary switch are 
controlled at the same timing. 

13. A device for driving a display panel by controlling 
potential for selective addressing of electrodes ar- 
ranged within a screen, the device comprising: 

a first and a second switches for each of plural 
data electrodes controlled by display data; 
all of the first switches being connected to the 
bias potential line via a bias controlling switch; 
all of the second switches being connected to 
the ground potential line via a ground control- 
ling switch; 

the bias controlling switch being used for mak- 
ing or breaking a current path from a bias po- 
tential line to the plural data electrodes; 
the first switch being used for making or break- 
ing a first resonance current path from a power 
recycling capacitor to a data electrode corre- 
sponding to the first switch; 
the second switch being used for making or 
breaking a second resonance current path from 
a data electrode corresponding to the first 
switch to the capacitor; and 
the ground controlling switch being used for 
making or breaking a current path from the plu- 
ral data electrodes to the ground potential line. 

14. The device according to claim 13, further compris- 
ing: 

diodes for preventing a current from each of the 
first switches to the other; and 
diodes for preventing a current from each of the 
second switches to the other. 

15. The device according to claim 1 3 or 1 4, wherein the 
first resonance current path includes a first induct- 
ance element for resonance with a capacitance 
within the screen, and the second resonance cur- 
rent path includes a second inductance element for 
resonance with the capacitance. 



1 6. An integrated circuit device for controlling potentials 
of m (m § 2) data electrodes arranged within a 
screen of a display panel, the device comprising: 

s m output terminals each of that corresponds to 

each of the m data electrodes; 

four connecting terminals for connecting to an 

external power recycling circuit; 

4 X m switches for controlling continuity be- 
ta tween each of the m output terminals and each 

of the four connecting terminals; and 

a switch driver circuit for controlling the 4 X m 

switches. 

1 s 1 7. The integrated circuit device according to claim 1 6, 
wherein the switch driver circuit includes a register 
that can memorize 4 x m bits of control data, and 
gives four bits of the control data corresponding to 
each of the m output terminals to four switches cor- 

20 responding to the one output terminal one by one 
bit. 

18. The integrated circuit device according to claim 17, 
wherein the switch driver circuit includes a signal 

25 gate for forcing the two of four switches correspond- 
ing to each of the m output terminals to be the open 
state responding to an external control signal. 

19. The integrated circuit device according to claim 16, 
30 wherein the switch driver circuit includes a register 

that can memorize 2 x m bits of control data, and 
generates four bits of data in accordance with two 
bits corresponding to each of the m output terminals 
so as to give the data to four switches correspond- 
35 ing to the one output terminal one by one bit. 

20. The integrated circuit device according to claim 16, 
wherein the switch driver circuit includes a register 
that can memorize m bits of control data, gives one 

40 bit of the control data corresponding to each of the 
m output terminals to two of four switches corre- 
sponding to the one output terminal, and gives the 
inverted bit of the one bit to the other two of four 
switches. 
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21 . An integrated circuit device for controlling potentials 
of m (m ^ 2) data electrodes arranged within a 
screen of a display panel, the device comprising: 

m output terminals each of that corresponds to 
each of the m data electrodes; 
two connecting terminals for connecting to an 
external power recycling circuit; 
2 X m switches for controlling continuity be- 
. tween each of the m output terminals and each 
of the two connecting terminals; and 
a switch driver circuit for controlling the 2 X m 
switches. 
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22. The integrated circuit device according to claim 21 , 
wherein the switch driver circuit includes a register 
that can memorize 2 x m bits of control data, and 
gives two bits of the control data corresponding to 
each of the m output terminals to two switches cor- s 
responding to the one output terminal one by one 

bit. 

23. The integrated circuit device according to claim 21 , 
wherein the switch driver circuit includes a register io 
that can memorize m bits of control data, gives one 

bit of the control data corresponding to each of the 
m output terminals to one of two switches corre- 
sponding to the one output terminal, and gives the 
inverted bit of the one bit to the other one of two is 
switches. 

24. A display device comprising: 

a display panel including M(2^MSmxk,m 20 
is an integer greater than one and k is an integer 
greater than zero) data electrodes and N (2 ^ 
N) scan electrodes arranged within a screen; 
a driving device for controlling potentials of the 
data electrodes and the scan electrodes for se- 25 
lective addressing; 

the driving device including an address driver 
circuit made up by k integral circuit devices ac- 
cording to any one of claims 14 to 21 , and i (1 
^ i ^ k) power recycling circuits; and 30 
the power recycling circuit includes a first and 
a second inductance elements for resonance 
with the capacitance within the screen. 
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